FUEL CELL GAS SENSORS 


BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to fuel cell 
gas sensors that are used for the detection of a 
variety of gases in particular, but not exclusively, 
oxidisable gases such as hydrogen and carbon monoxide 
gases . 

2 . Description of the Prior Art 

Fuel cells were first invented by Sir 
William Grove in 1839 and in recent years have been 
used in many arrangements as gas sensors for the 
detection of oxidisable. gases or vapours. 
Essentially, the fuel cell gas sensors each comprise 
a working electrode (or anode) and a counter 
electrode (or cathode) which are separated by an 
electrolyte, usually by a porous solid that is 
absorbent impregnated with an acidic electrolyte. The 
electrochemical oxidation of the fuel gases results 
in the development of an electrical potential 
difference which results in a flow of electrons from 
the anode to the cathode, and this current and/ or 
potential difference can be detected. An example of 
such an arrangement is disclosed and described in the 
U.S. Patent No. 5,738,773 which issued on April 14, 
1998 to Criddle et al . 

Fuel cell gas sensors provide the following 
features: a) they have no consumable and wearing 
parts; b) they operate in passive mode; c) they do 
not need external excitation; d) they provide linear 
and fast response to gases in fairly large 
concentration range; and e) they are stable with 
time, provided that some necessary measures are 
taken. 


A typical full cell sensor has two 
identical platinum/carbon electrodes. This make-up 
has the advantage of having small and stable offset 
potentials. However,, since the gases to be detected 
are able to react electrochemically on both 
electrodes, it becomes a drawback if the sensor is 
used in places where the gases can reach both sides 
of electrodes. The effect on the sensor in such cases 
includes a drastic drop in the signal output, 
negative signal output or even zero signal output. 
This unpredictable behaviour renders the sensor 
useless . 

One arrangement to address this problem is 
to polarise the working electrode by an external 
potential source. The reactions of gases are 
restricted on the working electrode. To achieve this, 
a third electrode, often called reference electrode, 
is necessary. An example of such arrangement is 
disclosed and described in U.S. Patent No. 5,338,429 
which issued on August 16, 1994 to Jolson et al . Such 
sensors having a three-electrode arrangement are 
usually called electrochemical gas sensors. 

However, the design of such three-electrode 
sensors is cumbersome, and the performance of the 
sensors depends often on the stability of the 
external potential source, which requires again a 
complex circuit. 

It would thus be desirable to have a fuel 
cell gas sensor which did not have this drawback. 

SUMMARY OF THE INVENTION 

It is therefore an aim of the present 
invention to provide an arrangement for fuel cell 
sensors that is not only able to detect oxidisable 
gases in places where the gases to be detected are 
restricted to the working electrode, but also able to 


detect the oxidisable gases in such places where the 
gases can reach both the working electrode and the 
counter electrode, in particular, but not 
exclusively, in ambient air space. 

One aspect of this arrangement is to place 
a catalyst disk that is active to gases, such as 
hydrogen and carbon monoxide, at ambient temperatures 
in front of the counter electrode. The gases that 
permeate through the protection membrane will be 
eliminated, or reduced in concentration, by the 
catalyst before reaching the counter electrode. In 
the mean time, the oxygen in the ambient air is not 
obstructed and sufficient oxygen is still able to 
reach the counter electrode which is necessary for 
the fuel cell sensor to operate. 

Another aspect of this arrangement is to 
place a very low impedance fuel cell active to gases, 
such as hydrogen and carbon monoxide, at ambient 
temperatures in front of the counter electrode. These 
gases that permeate through the protection membrane 
will either completely or partially be burned off by 
the fuel cell before reaching the counter electrode. 
In the meantime, the oxygen in the ambient air is not 
obstructed and sufficient oxygen is still able to 
reach the counter electrode which is necessary for 
fuel cell sensor to operate. 

Traditionally, porous membranes have been 
used for the protection of sensors but they can cause 
the electrolyte to dry out or wet out very quickly, 
thereby reducing the life of the sensors. 

The present invention also consists in 
protection membranes that have a good gases/water 
permeability ratio (H 2 /H 2 0 ratio which is typically 
higher than 0.3) on the working electrode side, and a 
good oxygen/water permeability ratio (typically 
higher than 0.03) on the counter electrode side. The 


membranes are made with dense polymers. However, the 
oxygen ion/electronic mixed-conducting ceramic dense 
membranes, in particular but not exclusively, made 
with perovskite phase of composition Lai_ x A x Fei_ y Co y 03 
(A=Ba, Ca, Sr) as described by C.Y. Tsai et al 
(Fourth International Conference on Inorganic 
Membranes, July 14-18, 1996, Gatlinburg, Tennessee, 
USA) , are also covered by the present invention 
although they may not always be practical to use in 
the sensor due to their high activation temperature 
which is usually higher than 700 °C . 

Therefore, in accordance with the present 
invention, there is provided a fuel cell sensor for 
detecting oxidisable gases, comprising working and 
counter electrodes, and a catalyst disk adapted to 
chemically oxidise gases on a counter electrode side 
of said counter electrode opposite a working 
electrode side thereof for reducing an amount gases 
that will reach said counter electrode from said 
counter electrode side. 

Also in accordance with the present 
invention, there is provided a fuel cell sensor for 
detecting oxidisable gases, comprising working and 
counter electrodes, and a low impedance fuel cell 
adapted to electro-chemically oxidise gases on a 
counter electrode side of said counter electrode 
opposite a working electrode side thereof for 
reducing an amount gases that will reach said counter 
electrode from said counter electrode side. 

Further in accordance with the present 
invention, there is provided a fuel cell sensor for 
detecting oxidisable gases, comprising working and 
counter electrodes, a protection membrane in front of 
said working electrode and made of dense . polymer 
membrane of PTFE, or PFA or PVDF with a thickness 
between 5 to 50 microns, and a protection membrane in 
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front of said counter electrode and made of oxygen 
ion/electronic mixed-conducting ceramic dense 
membranes., i.e. perovskite phase of composition La x _ 
x A x Fei-yCOy03 <A=Ba, Ca, Sr) . 

Still further in accordance with the 
present invention, there is provided a fuel cell gas 
sensor for detecting gases, comprises a housing in 
which are mounted a working electrode, an 
electrolyte, a counter electrode, first and second 
protection membranes located upstream respectively of 
said working and counter electrodes, respective 
contacts for said working and counter electrodes, and 
a gas reducer adapted to change a concentration of 
the gases to be detected by said gas sensor passing 
through said second protection membrane before 
reaching said counter electrode. 

More particularly, said gas reducer 
comprises a catalyst disk placed between said counter 
electrode and said second protection membrane, said 
second protection membrane being adapted to slow down 
the flux of gases onto said counter electrode, said 
catalyst disk being adapted to chemically modify a 
concentration of the gases to be detected that 
permeate through said second protection membrane. 

Alternatively, said gas reducer comprises a 
low impedance fuel cell placed between said counter 
electrode and said second protection membrane, said 
second protection membrane being adapted to slow down 
the flux of gases onto said counter electrode, said 
fuel cell being adapted to electrochemically modify a 
concentration of the gases to be detected that 
permeate through said second protection membrane. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Having thus generally described the nature 
of the invention, reference will now be made to the 


accompanying drawings, showing by way of illustration 
a preferred embodiment thereof, and in which: 

Fig. la is a schematic vertical cross- 
sectional view of a fuel cell gas sensor in 
accordance with a first embodiment of the present 
invention; 

Fig. lb is a schematic vertical cross- 
sectional view of a fuel cell gas sensor in 
accordance with a second embodiment of the present 
invention; 

Fig. 2 is a schematic view of either one of 
the fuel cell gas sensors of Figs, la and lb, shown 
in use to detect oxidisable. gases in places where the 
gases to be detected are restricted to a working 
electrode of the fuel cell gas sensor; and 

Fig. 3 is a schematic view of either one of 
the fuel cell gas sensors of Figs, la and lb, shown 
in use to detect oxidisable gases in places where the 
gases can reach both a working electrode and a 
counter electrode of the fuel cell gas sensor. 

DETAILED DESCRIPTION OF THE INVENTION 

A pair of preferred embodiments of two fuel 
cell gas sensors S and S' of the present invention 
are shown in Fig. la and Fig. lb, respectively. Each 
of the sensors S and S' has a two-part housing 10 and 
two pairs of opposite covers 2 0 and 21, and 2 6 and 
27, which are preferably made of . plastic materials, 
such as polyethylene or polypropylene, with a small 
hole 2 5 being defined in the middle of each of the 
covers 20, 21, 2 6 and 27 and through the housing 10. 
The small holes 2 5 have a diameter ranging between 2 
to 8 mm, and preferably from 4 to 5 mm. A rubber 
annular gasket 3 0 is provided between the two 
sections of the housing 10 which are held together by 


screws or bolts 32 that extend through the housing 10 
and the covers 2 0 and 26. 

The small hole 2 5 allows the gases to be 
detected to permeate through a protection membrane 11 
and reach a working electrode 12. The working 
electrode 12 and a counter electrode 14 are fuel cell 
grade electrodes preferably made of Pt black 
deposited on carbon cloth and are gas diffusive. The 
ionic conduction between the %- w £^ electrodes 12 and 14 
is ensured by an electrolyte fgel\l3 which is made by 
mixing a liquid electrolyte^ preferably acidic 
electrolyte such as H2SO4, H3PO4 and a porous solid 
■ % q support such as silica and glass frit. Metal wires, 

^ preferably Pt and gold wires, are used as electric 

vi contacts 16 between the electrodes 12 and 14. The 

ry protection membrane 11, the electrodes 12 and 14 and 

Ij the electrolyte gel 13 are mounted to the housing 10 

@ with the covers 26 and 27. The gas tightness between 

li. the inside and outside electrodes 12 and 14 is 

fy ensured by O- rings 22 and 2 3 . 

^ The main body is closed off by the top and 

C3 

1^ bottom covers 20, 21, 26 and 27, which also provide 

the sensor S/S' with a mean to keep a good electric 
contact and good gas tightness. 

The protection membrane 11 protects the 
. sensor S/S' from foreign contaminants such as 
particles and liquids, while allowing the gases to be 
detected to permeate therethrough very quickly. On 
the other hand, in order to extend the sensor life, 
it is preferable to use thin dense polymer membranes 
that have high gases /water permeability ratios, such 
as polytetraf luoroethylene (PTFE) , 

polyvinyldenef luoride (PVDF) and polypropylene (PP) . 
Typically, the H 2 /water permeability ratio of these 
protection membranes is higher than 0.30. The 
thickness of the membrane 11 is between 5 and 5 0 
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microns (0.005 to 0.05 mm), and preferably between 10 
and 25 microns. 

A membrane 15 protects the sensor S/S* from 
foreign contaminants such as particles and liquids, 
while allowing the gases to be detected to permeate 
therethrough very quickly. On the other hand, in 
order to extend the sensor life and allow sufficient 
oxygen to permeate through the membrane 15, it is 
preferable to use thick dense polymer membranes that 
have high oxygen/water permeability ratio such as 
polytetraf luoroethylene (PTFE) , polyethylene (PE) and 
polypropylene (PP) . Typically, the oxygen/water 
permeability ratio is higher than 0.03. The thickness 
of the membrane 15 is between 2 0 and 100 microns 
(0.02 to 0.10 mm), and preferably between 25 and 50 
microns . 

^ An alternative to the membrane 15 is to use 

oxygen/ ion electronic mixed-conducting ceramic dense 
membranes, in particular but not exclusively, made 
with perovskite phase of composition Lai_ x A x Fei- y Co y 03 
(A=Ba, Ca, Sr) . This kind of membrane has a 
characteristic of 100% selectivity to oxygen at high 
permeability at temperatures between 7 00 and 800 °C . 
On the other hand, these are generally not practical 
to use in the sensor due to their high temperature 
requirement. 

As it can be seen from Fig. la, the sensor 
S comprises a catalyst disk 17a that is placed 
between the counter electrode 14 and the protection 
membrane 15. The catalyst disk 17a and the membrane 
15 are mounted to the housing 10 with the covers 2 0 
and 21. The catalyst disk 17a chemically eliminates 
or reduces the concentration of the gases to be 
detected that enter from the protection membrane 15. 
The catalyst disk 17a can be made from the powder of 
two groups of catalysts. The first group consists of 
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precious metal catalysts on a high surface support 
such as 0.5 % - 10 % Pd and/or Pt load on activated 
carbon or Alumina. They have high activity at room 
temperature and ^ oxidise the gases that permeate 
through the membrane 15. The second group consists of 
transition metal oxide catalysts including but not 
exclusively Moleculite from Molecular Products Ltd., 
a highly active Copper Oxide (CuO) /Manganese Dioxide 
(MnC>2) mixture formulated for the low temperature 
oxidation of gases and contaminants. 

An alternative arrangement is shown in Fig. 
lb, where the catalyst disk 17a located between the 
counter electrode 14 and the protection membrane 15 
in the sensor S of Fig. la is replaced by another 
fuel cell 17b that is similar to what is described 
above. The internal and external impedance of the 
close circuit should be small enough, preferably 
lower than 10 0 ohms, to burn off, at least partly, 
the said entering gases very quickly. Low impedance 
allows for a fast electrochemical reaction to take 
place in the fuel cell of the sensor S'. 

The design of the catalyst disk 17a or fuel 
cell 17b is in such a way that the oxygen that 
permeates through the protection membrane 15 can 
reach the counter electrode 14. This is achieved by 
making small communication channels or holes on the 
catalyst disk 17a or on the fuel cell 17b. The 
preferable diameter of these channels or holes is 
smaller than 1 mm. In the case of the catalyst disk 
17a of the sensor S of Fig. la, these small channels 
or holes can be assured by the inter-particle spaces 
of the powders. 

As it has been explained above, in each of 
the configurations shown in Fig. la and in Fig. lb, 
on one hand, the membrane 15 slows down the gases 
permeating through the membrane 15, and on the other 


hand, the catalyst disk 17a and the fuel cell 17b 
remove, or modify the concentration of, the gases 
that permeate through the membrane 15. This results 
in a more precise and more detectable differential 
potential between the working electrode 12 and 
counter electrode 14. 

These characteristics not only mean that a 
fuel cell gas sensor can be used to detect the said 
gases in some restricted spaces such as fuel cell 
power generators, hydrogen and fuel cell powered 
automobiles (as for example shown in Fig. 2), but 
also means that it can be used to detect the said 
gases in places where the gases to be detected are 
able to reach both electrodes 12 and 14 (as for 
example shown in Fig. 3) . 
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